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Objective: To review reported cases of hyponatremia and the syndrome of inappropriate secretion of an-
tidiuretic hormone (SIADH) associated with the use of selective serotonin reuptake inhibitors (SSRls).

Data sources: A search of MEDLINE for reports of hyponatremia and SIADH associated with the use of
fluoxetine, fluvoxamine, paroxetine or sertraline published between January 1980 and May 1995. Un-
published reports of cases were requested from the pharmaceutical industry, the Ontario Medical Asso-
ciation, the Health Protection Branch of Health Canada, the US Food and Drug Administration and
the World Health Organization.

Data selection and extraction: Spontaneous reports from postmarketing surveillance.
Data synthesis: A total of 736 cases of hypernatremia and SIADH associated with SSRI use were reported.

Fluoxetine was involved in 554 (75.3%) of the cases, paroxetine in 91 (12.4%), sertraline in 86 (11.7%)
and fluvoxamine in 11 (1.5%). Reports of 30 cases were published. The remaining 706 cases were re-
ported to monitoring bodies and the pharmaceutical industry. According to information in the pub-
lished reports, the median time to onset of hyponatremia was 13 days (range 3 to 120 days). Most
(83%) of the published cases involved patients 65 years of age or more, as compared with 74% of the
unpublished cases.

Conclusion: Elderly people may be at increased risk for hyponatremia associated with SSRI use. Physi-
cians caring for elderly patients should be aware of this potentially serious but reversible adverse effect.
Further research is required to determine the incidence of this adverse effect, the relative risk of hy-
ponatremia and SIADH in different age groups and the risk associated with different SSRI drugs.

Objectif: Examiner des cas signales d'hyponatremie et de syndrome d'antidiurese inappropriee lies 'a l'uti-
lisation d'inhibiteurs specifiques du recaptage de la serotonine.

Sources de donnees: Recherche dans MEDLINE de comptes rendus d'hyponatremie et de syndrome
d'antidiurese inappropriee lies 'a l'utilisation de fluoxetine, de fluvoxamine, de paroxetine ou de sertra-
line, publies entre janvier 1980 et mai 1995. On a demande des comptes rendus de cas non publies a
l'industrie pharmaceutique, 'a l'Association medicale de l'Ontario, 'a la Direction generale de la protec-
tion de la sante de Sante Canada, a la Food and Drug Administration des ltats-Unis et 'a l'Organisation
mondiale de la sante.

Selection et extraction des donnees Rapports spontanes issus des activites de pharmacovigilance.
Synthese des donnees On a signale au total 736 cas d'hypernatremie et de syndrome d'antidiurese inap-

propriee lies a l'utilisation d'inhibiteurs specifiques du recaptage de la serotonine. La fluoxetine etait im-
pliquee dans 554 (75,3 %) des cas, la paroxetine dans 91 (12,4 %), la sertraline dans 86 (11,7 %), et la
fluvoxamine dans 11 (1,5 %). Des comptes rendus ont ete publies sur 30 cas. Les 706 cas restants ont
et signales aux organismes de surveillance et 'a l'industrie pharmaceutique. Selon les renseignements
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contenus dans les rapports publies, la periode moyenne d'apparition de l'hyponatremie s'est etablie a
13 jours (fourchette de 3 'a 120 jours). La plupart (83 %) des cas publies mettaient en cause des pa-
tients de 65 ans ou plus, comparativement a 74 % des cas non publies.

Conclusion Les personnes agees peuvent risquer davantage d'etre atteintes d'hyponatremie liee 'a l'utilisa-
tion d!inhibiteurs specifiques du recaptage de la serotonine. Les medecins qui traitent des patients ages
devraient etre conscients de cet effet indesirable qui pourrait etre grave, mais qui est reversible. Des
recherches plus poussees s'imposent pour determiner l'incidence de cet effet indesirable, le risque re-
latif d'hyponatr6mie et de syndrome d'antidiurese inappropriee dans des groupes deage diffents et le
risque lie aux differents inhibiteurs specifiques du recaptage de la serotonine.

The use of selective serotonin reuptake inhibitors
(SSRIs) in elderly people has been associated with

reports of hyponatremia, some of which are compatible
with the syndrome of inappropriate secretion of antidi-
uretic hormone (SIADH). Internists and primary care
physicians are most often responsible for managing el-
derly patients when they present with electrolyte distur-
bances, yet few physicians are aware of this potentially
fatal but reversible adverse effect. Most published re-
ports on this topic have appeared in the psychiatric liter-
ature.

Patients with hyponatremia may be asymptomatic or
present with nausea, anorexia, muscle cramps, weakness,
fatigue, confusion and disorientation. Severe hypona-
tremia may result in serious neurologic sequelae such as
coma and seizures, and death. Both the magnitude and
rate of development of hyponatremia are important de-
terminants of the severity of clinical symptoms.'

SIADH, the syndrome of inappropriate secretion of
antidiuretic hormone, occurs in association with reduced
serum osmolality. This condition is characterized by hy-
potonic hyponatremia (serum sodium level of less than
130 mmol/L), inappropriately elevated urine osmolality
(usually more than 200 mmol/kg) relative to plasma
osmolality, an elevated urine sodium level (typically
greater than 20 mmol/L), expanded extracellular volume,
and normal renal, adrenal and thyroid function.2 The
syndrome may be caused by a number of disease pro-
cesses (e.g., malignant neoplasms, nonmalignant pul-
monary disease and central nervous system disorders)
and medications. The list of medications known to cause
SIADH includes several psychotropic agents. We be-
lieve that SSRI antidepressants should be added to that
list.
We reviewed cases of SIADH and hyponatremia as-

sociated with SSRI use published in the literature as well
as unpublished reports collected from postmarketing sur-
veillance. We examined trends in these reports in order
to identify the scope of the problem and possible risk
factors for these underrecognized adverse effects.

METHODS

We searched MEDLINE, using manual cross-referenc-
ing, for reports of SSRI use and SIADH or hyponatremia

published between January 1980 and May 1995 using
the following MeSH terms: "water-electrolyte imbal-
ance," "hyponatremia," "inappropriate ADH syndrome"
and "serotonin uptake inhibitors." In addition, we col-
lected case reports from the manufacturers of the SSRIs
currently available in North America. We sent requests
for information to the adverse drug monitoring pro-
grams of the Ontario Medical Association (OMA), the
Health Protection Branch (HPB) of Health Canada, the
US Food and Drug Administration (FDA) and the
World Health Organization (WHO). Duplicate reports
were identified on the basis of demographic details and
case descriptions. When overlap occurred, the reports
were attributed to the highest ranking source according
to the following hierarchy: published literature; WHO;
HPB, OMA or FDA; and the Canadian pharmaceutical
industry.
We did not attempt to assess causality or the criteria

used to diagnose hyponatremia or SIADH in the reports
received from independent monitoring bodies. In the
published cases two of us (B.A.L. and S.R.K.) assessed
causality by consensus using a validated 10-item rating
system for adverse drug reactions.,

Published reports were analysed separately from un-
published ones for trends, because the information in
the published reports was felt to be more detailed and
more reliable.

RESULTS

We found 736 cases of hyponatremia associated with
SSRI use in the published literature and unpublished re-
ports (Table 1). Reports from the FDA would have been
provided at an estimated cost of US$1600 and therefore
were not requested for inclusion in our review. However,
most of the reports sent to the WHO originated from
the United States (84% [507/605]) and therefore were
likely part of the unreviewed FDA database.

PUBLISHED REPORTS

We found 30 cases in the literature (Table 2).4-22
Twenty-five (83%) involved patients over 65 years of
age (range 47 to 92 years). The median time to onset of
hyponatremia was 13 days (range 3 to 120 days). In all
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cases the patient's condition returned to normal 2 to 28
days after discontinuation of the SSRI; in one case the
SSRI was not withdrawn and fluid restriction was tem-
porarily required to normalize the serum sodium level.
The results of rechallenge were reported for five cases.
An 83-year-old woman had recurrence of hyponatremia
within 3 weeks after rechallenge with fluoxetine.'4 A 60-
year-old man required ongoing fluid restriction to con-
trol his serum sodium level after rechallenge with sertra-
line.20 Jackson and associates'5 described a 77-year-old
woman in whom hyponatremia compatible with SIADH
developed after treatment with fluoxetine; the elec-
trolyte disturbance recurred within 4 days after switch-
ing to sertraline. Two other patients were rechallenged

Table 1:. Summary of reports of hyponatremia
and syn:drome of inappropriate secret"ion of
antidiuret hormon (SIADH) assocatd wh
-the use of selectve serotonin reu..ptake
inhibitors (SSRIs)

No. (and %)
Variable of cases

Country
United States 523 (71.1)
Australia and New Zealand 50 (6.8)
United Kingdom 26 (3.5)
Canada 26 (3.5)
Europe 22 (3.0)
South Africa 1 (0.1)
Not specified 88 (12.0)
Source
World Health Organization 605 (82.2)
Health Protection Branch
(Health Canada) or Ontario
Medical Association 10 (1.4)
Pharmaceutical industry 91 (12.4)
Published literature 30 (4.1)

Age, yr
<65 136 (18.5)
. 65 410 (55.7)
Not specified 190 (25.8)
Sex
Male 144 (19.6)
Female 444 (60.3)
Not specified 148 (20.1)
SSRI
Fluoxetine 554* (75.3)
Fluvoxamine 11 (1.5)
Paroxetine 91* (12.4)
Sertraline 86* (11.7)
Total 736 (100.0)
*In two cases the patient was exposed to both fluoxetine and
paroxetine. and in four the patient was exposed to both fluoxe-
tine and uertraiine.

with the implicated SSRI and were able to tolerate the
drug.e820

Challenge with another SSRI from the same class was
also reported. In the case involving the 83-year-old
woman reported by Druckenbrod and Mulsant'4 SIADH
developed 3 months after the start of fluoxetine therapy.
Demeclocycline was required to control the hypona-
tremia. The patient later received a trial of sertraline,
which was discontinued because of diarrhea. There was
no mention of electrolyte disturbance, nor was the dura-
tion of the sertraline therapy indicated. In the case in-
volving the 77-year-old woman described by Jackson
and associates'5 the patient's sodium level returned to
normal after withdrawal of the fluoxetine. When she was
subsequently given sertraline, electrolyte disturbance
compatible with SIADH recurred.

There was no association found between the SSRI
dose or the patient's age and the time of onset of hy-
ponatremia in any of the published cases. Neither of
these two variables correlated with the severity of the
hyponatremic response. The SSRI dose was within the
suggested therapeutic dose range in all cases.

Concomitant illness or use of medications known to
cause SIADH could be implicated in some of the
cases. 610131-1820,21 Other reports ruled out the common
causes of SIADH, such as pulmonary or cerebral pathol-
ogy, and renal, thyroid or adrenal disease.5791"4 1922 The
positive temporal association, the lack of alternative
causes and the reversal of hyponatremia after discontinu-
ation of the SSRI offered good evidence of a causal rela-
tionship. Using the adverse drug reaction rating scale to
assess causality we found that 18 (60%) of the 30 reports
were possibly related to the SSRI, 9 (30%) were proba-
bly related and 3 (10%) were definitely related.

UNPUBLISHED REPORTS

There were 706 reports of hyponatremia associated
with SSRI use submitted to the OMA, the HPB, WHO
and the pharmaceutical industry (Table 3). In 516 cases
the patient's age was reported: at least 384 (74.4%) of
these involved patients over 65 years. According to in-
formation from 266 cases, the median time to onset of
hyponatremia was 13 days (range 1 to 787 days). In al-
most all (95.8% [346/361]) of the cases in which the re-
sults of discontinuation of the drug were reported, the
hyponatremia reversed after withdrawal of the SSRI.
Challenge with the drug, attempted in 24 cases, resulted
in recurrence of the hyponatremia in 16 cases (66.7%).
Challenge with an alternative antidepressant from the
same SSRI class was reported in two cases in which hy-
ponatremia had developed in 83-year-old women while
they were taking fluoxetine. One woman was subse-
quently treated with fluvoxamine, the other with paroxe-
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tine. Neither subject experienced any further electrolyte DISCUSSION
disturbance.

In at least 390 cases patients were receiving drugs There were 30 documented cases of hyponatremia as-
other than the SSRI. Exposure to other agents known to sociated with SSRI used in the literature. In addition,
be associated with hyponatremia or SIADH occurred in over 700 cases of varying clinical detail were reported to
193 cases. The most commonly implicated drugs were di- the pharmaceutical companies and independent drug-
uretics (30.0% of cases in which concomitant drug use monitoring agencies. With the estimated number of pa-
was reported), neuroleptics (15. 1 %), narcotics (6.7%) tients exposed to an SSRI exceeding 10 million world-
and oral hypoglycemic agents (4.1%). In addition, 19 pa- wide, hyponatremia is still considered a rare adverse
tients (4.9%) were using a corticosteroid preparation, and effect. Postmarketing surveillance cannot be used to esti-
33 (8.5%) were receiving thyroid hormone therapy. De- mate the incidence of an adverse drug effect. Nor can we
spite the use of medications that may have contributed to determine whether one SSRI is more likely than another
hyponatremia, in 112 (58.0%) of the 193 cases the serum in the same class to cause hyponatremia. However, we
sodium levels returned to normal after withdrawal of the found that for each SSRI the proportion of spontaneous
SSRI; hyponatremia persisted in only 3 cases (1 .6%), and reports of adverse reactions received by the WHO docu-
in the remainder the results of discontinuation of the menting hyponatremia or SIADH was similar (fluoxetine
SSRI were not reported. Additional information regard- 0.96%, fluvoxamine 0.54%, sertraline 1.26% and paroxe-
ing investigations to rule out other medical causes of hy- tine 1.33%). Although most of the cases in our review in-
ponatremia and SIADH was not available. Causality was volved fluoxetine, this may reflect higher utilization of
assessed by a drug-monitoring body in only 72 (10.2%) this SSRI rather than an increased risk of hyponatremia.
of cases; 40% of these cases were rated as probably re- It has been suggested that SSRI-induced SIADH may
lated and 54% as possibly related to SSRI use. be a phenomenon unique to elderly patients." Although

Table 3: Details from unpublished reports of hyponatremia and SIADH associated with SSRi 1:us.
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the patients featured in the reports we reviewed ranged in
age from 6 to 94 years, most were elderly. A number of
physiologic changes in water homeostasis may predis-
pose elderly people to hyponatremia from any cause. In
this age group, the maximal diluting and concentrating
capacity of the kidney is impaired, 23 and ADH secretion
may be slightly increased.24 In addition, the ADH re-
sponse to osmolar stimuli has been shown to be greater
in elderly people than in young control subjects.25 This
increased osmosensitivity may increase the risk for
SIADH in elderly people. Alternatively, hyponatremia
may simply not be tolerated as well in elderly patients
and thus be more likely to require medical attention.

Sixty percent of the cases we reviewed involved fe-
males and 20% males; in the remaining 20% sex was not
specified. In general, adverse drug reactions are reported
to occur more frequently in female patients.2S28 Several
factors may contribute to an apparent sex-related differ-
ence in the occurrence of hyponatremia and SSRI use.
Female patients may have increased exposure to SSRIs
because the incidence of depression is increased in the
female population,29 or there may be sex-related bias in
prescribing patterns. Patterns of health care utilization
have been shown to differ between male and female pa-
tient populations.303 This may affect not only drug ex-
posures but also the detection, documentation and re-
porting of adverse reactions.

Hyponatremia associated with SSRI use usually devel-
ops soon after the start of drug therapy. The median time
to onset in the cases we reviewed was 13 days (based on
reports from published and unpublished sources). Three
quarters of the cases presented within 30 days after the
start of therapy. Routine monitoring of electrolyte levels
in elderly patients may be worth while, especially during
the first 2 to 4 weeks of treatment. However, hypona-
tremia may occur late in the course of SSRI therapy. In
our series, 29% of the patients presented more than 3
months after SSRI therapy had been started.

Our assessment of causality in the published cases re-
sulted in 40% being rated as either definitely or probably
related to SSRI use and the remaining cases being rated
as possibly related. Although we did not attempt to assess
causality in the unpublished cases, we found that reversal
of hyponatremia after withdrawal of the SSRI occurred in
58% of the 193 cases in which there was concomitant use
of pharmaceutical agents known to cause SIADH. Chal-
lenge with the implicated SSRI, attempted in 27 cases, re-
sulted in the recurrence of hyponatremia in 18. Some
cases of drug-induced SIADH have been reported to be
transient.32 This may explain the lack of response to the
challenge seen in the other nine cases.

Hyponatremia is likely an effect common to this class
of antidepressants. Considering the structural hetero-
geneity of the four SSRIs reviewed, the adverse effect is

unlikely to be related to chemical structure. There are
three possible ways drugs can affect water homeostasis:
they can increase ADH secretion centrally, potentiate the
effect of endogenous ADH at the renal medulla, and re-
set the osmostat, thus lowering the threshold for ADH
secretion.
ADH secretion from the posterior lobe of the pitu-

itary gland is thought to be affected by such nonosmolar
factors as angiotensin 11, noradrenaline, acetylcholine
and endorphin levels.3334 Dopamine antagonists such as
haloperidol and domperidone have been shown in ani-
mal models to facilitate ADH secretion3" and increase
thirst by increasing angiotensin 11 levels.38 Noradrenaline
induces the release of ADH via a,-adrenergic receptors;
stimulation of ac2-adrenergic and B-adrenergic receptors
may, however, inhibit ADH release.9'40 Serotonin-medi-
ated effects on 5-HT2 and 5-HT,c receptors have been
shown to induce release of ADH.442 Although the SSRIs
are believed to be highly selective in their effect on sero-
tonin reuptake, animal studies have shown that the
SSRIs have some inhibitory effects on the reuptake
of dopamine and noradrenaline. However, the potency
of these effects varies greatly between the different
SSRIs.4344 The effect of various psychotropic drugs on
neurotransmitters has been speculated to contribute to
excess ADH secretion; however, the exact mechanism of
SSRI-induced SIADH remains unknown.

Hyponatremia associated with SSRI use may be a
manifestation of a drug interaction. SSRIs are known to
inhibit a number of cytochrome P450 isoenzymes.45 In
several of the cases we reviewed, the patients were con-
currently receiving a drug known to cause SIADH. By
inhibiting the metabolism of concomitant drugs such as
neuroleptics, adverse effects on sodium metabolism may
be augmented.

There are several limitations one must consider when
evaluating reports from postmarketing surveillance. An in-
cidence rate cannot be estimated, because the number of
patients exposed is not available. Voluntary reporting may
underrepresent the true incidence of adverse drug reac-
tions. Reports may be biased because of perceived severity
of the adverse effect, media bias or physician awareness of
a possible drug association. In addition, the quality of re-
ports can vary greatly. In some reports, even the most ba-
sic demographic information such as age and sex were
missing. Moreover, there may be overlap of reports be-
tween the various sources. We identified 25 cases that had
been reported to more than one source. Duplication of re-
ports may result in an overestimation of the event, an es-
pecially important problem for rare adverse events.

The problem we encountered in attempting to access
information from the FDA has been reported previ-
ously.Y1 Willingness of drug-monitoring bodies to share
information for medical practice and research in a timely
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fashion and without exorbitant service charges should be
ensured. In order for information regarding adverse drug
reactions to be applied, accessibility, analysis and dis-
semination of information are critical.

CONCLUSION

There is a large number of reports of SIADH and hy-
ponatremia associated with SSRI use. This form of hy-
ponatremia usually develops soon after the start of SSRI
therapy, and the electrolyte disturbance in almost all
cases reverses after withdrawal of the drug. There is no
apparent relation with dose. Advanced age appears to be
a risk factor for this adverse effect, as does the concomi-
tant use of diuretics. Increased physician awareness of
this potentially serious but treatable adverse effect is
needed. The use of SSRI antidepressants should be in-
cluded in the differential diagnosis of drug-induced hy-
ponatremia. Clinical deterioration should prompt an
evaluation of electrolyte levels. Elderly patients should
be monitored closely in the first 4 weeks of SSRI therapy
for clinical signs suggestive of hyponatremia. Further re-
search is required to evaluate the relation between age,
sex and the risk of SSRI-induced hyponatremia. In addi-
tion, the relative risk of hyponatremia associated with
each SSRI drug needs to be determined.

Since this review was completed, six additional cases of h)ypona-
tremia and SIADH associated with SSRI use have appeared in the
literature.47-50 Five of the patients were women, and five were over
65 years of age.
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